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ABSTRACT 
The Lyman-Birge-Hopfield s y s t m  o f  ~ ~ ( a ' n  - X ~ Z  ') and the  CO Fourth 9 9 
4- P o s i t i v e  system ( A h  - XXac ) a re  r e a d i l y  exc i ted  by low energy e lec t rons  
(1 00 eV), Together these molecular systems have numerous emi ss ion bands 
0 0 
spread un i fo rm ly  over t h e  wavelength reg ion  1150A t o  2500A. Because t h e  
absolute t r a n s i t i o n  p r o b a b i l i t i e s  f o r  both o f  these systems have been 
accura te ly  measured, r e l a t i v e  measurements o f  t h e  i n t e n s i t y  o f  these bands 
exc i ted  by e lec t ron  impact can be used as a convenient technique f o r  
c a l i b r a t i n g  VUV monochromators. Th is  i s  t h e  basis o f  t h e  molecular branching 
r a t i o  technique described i n  t h i s  paper, These r e l a t i v e  measurements can be 
placed on an absolute basis by comparing t h e  band i n t e n s i t i e s  t o  t h e  b r i g h t -  
0 
ness o f  t h e  hydrogen Ly a l i n e  (12l5A) and the  01 resonance t r i p l e t  
0 (1302, 4, 6A) produced by t h e  d i s s o c i a t i v e  e x c i t a t i o n  o f  H2 and O2 respect- 
0 
i v e l y  and t o  a standard lamp a t  wavelengths g rea te r  than 1500A, The r e s u l t s  
obtained by t h i s  method are  shown t o  be i n  exce l l en t  agreement w i t h  spect ra l  
response measurements obtaimed using t h e  atomic branching r a t i o  technique, 

t he  hand system, Muma e t  a l O 5  have r e c e n t l y  shown tha t ,  I n  fac t ,  t h e  
e l e c t r o n f c  t r a n s i t i o n  moment decreases w i t h  increasing r - c e n i r o i d  f o r  
t h e  CO(A1n - ~ ' r ' )  sys tm.  This var iance must be inc luded when d e r i v i n g  
a r e l a t i v e  c a l i b r a t i o n  curve from i n t e n s i t y  measurements, 
En t h e  present  work, we have used i n t e n s i t y  measurements on 32 
4- 
v i b r a t i o n a l  bands o f  t he  N2(a1n - X1r ) Lyman-Birge-Hopfield system, 9 9 
occur r ing  i n  t h e  reg ion  1275A - 1850A, t o  determine t h e  r e l a t i v e  spec t ra l  
response o f  a normal incidence vacuum u l t r a v i o l e t  monochromator, An 
independent c a l i b r a t i o n  was made using atomic branching r a t i o  measurements 
on selected mu3 t i p l e t s  o f  atomic n i t rogen  and these r e s u l t s  were i n  excel- 
l e n t  agreement w i t h  the  r e l a t i v e  spect ra l  response curve obtained f rom 
t h e  v i b r a t i o n a l  branching r a t i o  measurementso Because t h i s  technique 
requ i res  t h e  use o f  a comparat ively simple e lec t ron  gun and l i t t l e  else, 
i t  can be r e a d i l y  incorporated f n t o  a more e laborate experiment, Th is  
arrangement p e m i t s  rou f i ne  c a l i b r a t i o n  checks ~ 9 t h  a minimum o f  incon- 
veni  ence, 
I I ,  THE EXPERIMENTAL METHOD 
A. Theory 
I n  t h e  atomic branching r a t i o  method,' atoms f n  an upper energy l e v e l ,  
Ek, make e l e c t r i c  d i p o l e  al lowed t r a n s i t i o n s  t o  any o f  several lower energy 
leve ls ,  Ei, . I f  t h e  number dens i t y  o f  atoms i n  l e v e l  Ek i s  nk(cm'3) and 
the  t r a n s i t i o n  p r o b a b i l i t y  t o  l e v e l  Ei i s  Aki (sec-I) ,  then t h e  volume 
m i s s i o n  ra te ,  ~ ~ ~ ( c m ' ~ s e c - l ( 4 n  ~ t e r a d i a n s ) ~ ~ ) ,  f o r photons o f  wavelength 
a k i  emi t ted  i n  t h e  t r a n s i t i o n  i s  g iven by 
I f  t h e  m i t t e d  photons a re  c o l l e c t e d  by a spectrometer s y s t m  such as i s  
shown i n  Figure 1, then the  counting r a t e  measured by the  detector ,  
S(ctunts/second), w j i 9  be r e l a t e d  t o  a geometri cai c o l  l e c t l o n  f a c t o r ,  G ,  
and t h e  wavelength-dependent spect ra l  response o f  t h e  co l l ec t i on -de tec t i on  
s y s t m ,  Q, by t h e  expression 
Equation (2) assumes an i sot rop ic  d i s t r i b u t i o n  o f  t he  emi t t e d  photons 
and n e g l i g i b l e  absorpt ion and reemission o f  photons by in terven ing gas 
molecules. The count ing r a t e  f o r  photons a r i s i n g  from t r a n s i t i o n  Ek + E j 
i s  g iven by a  r e l a t i o n  analogous t o  equat ion (Z) ,  so t h a t  t h e  r e l a t i v e  
spect ra l  responses o f  t he  co l l ee t i on -de tec t i on  system f o r  photons o f  wave- 
lengths iki and h are  g iven by k j  
Knowledge o f  the  r e l a t i v e  t r a n s i t i o n  p r o b a b i l i t i e s  enables us t o  c a l c u l a t e  
t h e  r e l a t i v e  spect ra l  responses o f  t h e  o p t i c a l  de tec t i on  system a t  t h e  two 
wave1 engths by u s i  ng equation ( 3 ) -  
The method i s  extended t o  emission i n t e n s i t y  measurements on t h e  
v i b r a t i o n a l  bands o f  molecular band systems i n  the  Pol iowing way. The 
t o t a l  volume emission ra te ,  B, ,., f o r  t h e  ( v '  v " )  v i b r a t i o n a l  band emi t ted  
by molecules making the  t r a n s i t i o n  Prom pan upper e lec t ron ic  energy l e v e l  
(X2. v b )  t o  a  lover elect ron ic  energy leve l  X , v " )  i s  g iven by 
- n v J v ,  v H  
The t o t a l  counting ra te ,  SV, o f  the (v ' ,  v " )  band i s  again given 
by a  r e l a t i o n  analogous t o  equation (Z), 
The r e l a t i v e  t o t a l  counting ra tes  o f  two bands i n  the same v" progression 
(v' - constant) ape re l a ted  t o  the r e l a t i v e  spectral responses o f  the 
cs l lec t ion-detect ion system and the t r a n s i t i o n  p r o b a b i l i t i e s  o f  the bands 
by the fo l lowing expression 
If the molecular t r a n s i t i o n  i s  allowed by an e l e c t r i c  d ipo le  in te rac t ion ,  
then the t r a n s i t i o n  p r o b a b i l i t y  o f  the ( v ' ,  v " )  band may be w r i t t e n  as fo l lows 
- A,, ,. - qVl "nu 3 V '  v" R2 e  ( i v I  ( 7 )  
where qv, ,,, i s  the Franck-Condon fac tor ,  vVI ,, i s  the wavenumber, 
R,(pV, ,,t ) i s  the e lec t ron ic  t r a n s i t i o n  moment, and F, ,, i s  the r -cent ro id  
L
 
CU 
9
 
0
 
9
 
s
 
fu 
-I-, 
V) 
C
 
0
 
CP 
.c
, 
0
 
s
 
V
) 
'F
- 
8
, 
C
 
8) 
i5 E s 0 OF
 
6
,
 
"
F
 
M
) 
r
 
fu 
a
 
69 
U
 
Oh=-- L= 
0
 
h
 
-9
 
CP 
8) 
P
 
dl 
a, 
'.c 
C
p
 n 
r-- 
nil 
%
. 
a, 
E: 
aJ 
0
, 
L= 
k-4 
2 5 aJ v 0 P 3 e 
u
 
5
 
J
 
Q
- 
U
 
'b
 
a
 
C
,
 
U
 
0) 
v
 
QJ 
m
 
O
F
-
 
>
 
u
 
a
 
?5 v P 5 V) 'b 8 0 .P C, 'b V) 8 m g. 9, 
B
1
 
%- kJ m
 
r-2 X
 t em 
.G
 
d
 
fa 
w
 
N
 
Z
 
aJ 
r
 
I- 
91 
C
 
nil 
appropriate pulse counting c i rcu i t ry ,  The electron beam was aligned paral le l  
t o  the vertfcal djmension of the monochromator entrance s l i t ,  
Intensity profiles of emission features were obtained by scanning 
the monochromator in wave1 ength and slmul taneously accumul a t i  ng the detected 
photon counts with a Hewlett-Packard multi-channel analyzer which was 
operated i n  the multi-sealing mode, In th i s  way a histogram of emission 
features was stored for  subsequent readout and data-analysis, Equal entrance 
and exi t  s l i t  widths were used and the monochromator was advanced manually 
between emtssion features,  t h u s  minimizing the effects  of long term drif ts  
i n  the electron beam current and the N2  pressure. The electron col lector  
and N pressure were monitored throughout data taking periods and these 2 
parameters dr i f ted  less  than 1% in the time required to scan a molecular 
band. 
I I  I. N2  LYMAN-BIRGE-HOPFIELD SYSTEM 
The N2(a1n ) s t a t e  was excited by an incident beam of 100 eV electrons 9 
and the beam current was typically 2 x amperes. The N2 pressure was 
less  than 10 mi l l i - tor r  and therefore absorption of photons of the NZ(LBH) 
band system was completely negl igi  bl e. The a b z ;  >ifon spectrum of N2 in 
D 
the region 1200 - 2000 A consists of absorption features of the forbidden 
t ransi t ion N2(a2n += x'z) and the absorption cross section i s  less  than 9 9 
4 x lom2% cm2 throughout th i s  regionO9 Hence, an optical path length of 
- 76 torr-cm i s  required to  produce - 1% absorption, whereas the maximum 
optical path length in our col l is ion chamber was 5 x torr-cm, 
Radiative lifetimes of vibrational levels of the N2(a1n ) s t a t e  a re  g 
typically l , 5  x lQ"heconds7  so that  j n  the absence of collisions thermal 
molecules t r a v e l  a mean d is tance - 6 cm before radiating, The c o l l i s i o n  
chamber diameter was - 5 cm and the  molecular mean f r e e  path a t  10 
m f l l P t o r r  was - 1 cm so t h a t  c e l l l s f e n a l  quenching may depopulate t h e  
N2(a1n ) s ta te .  These considerat ions a re  o f  importance i f  i t  i s  necessary 9 
t o  know t h e  l o c a l  number densl ty ,  n, . For r e l a t i v e  i n t e n s i t y  measure- 
, 
merits on bands belonging t o  a s p e c i f i c  v" progression t h e   local number 
dens i t y  does n o t  en ter  equat ion (6) .  The N2(LBH) r a d i a t i o n  c o n s t i t u t e d  a 
d i f f u s e  source f o r  these e x c i t a t i o n  condi t i o n s  and the  mono chroma to^ 
accepted photons f rom an mi t t i n g  volume having cross sec t iona l  area 
- l cm x 9 cm and depth 5 cm, 
V ib ra t i ona l  bands o f  each v" progression (v '  = 1 + 6) o f  t h e  N2(LBH) 
band system were scanned sequen t ia l l y  i n  v" and t h e  t o t a l  number o f  counts i u  
each f u l l y  resolved band was obtained by suming  t h e  counts i n  the  histogram 
o f  t h a t  band, F igure  2 shows t h e  histograms o f  bands i n  t h e  ( v '  = 1, v " )  
0 
p ~ o g ~ e s s t o n  which were taken a t  a r e s o l u t i o n  o f  0.88 A and an equ iva lent  
8 
channel w id th  o f  0.25 A, The t o t a l  number o f  counts i n  each band was 
obtafned by summing over 24 channels, s t a r t i n g  6 channels before t h e  channel 
conta jn ing  t h e  peak number o f  counts, and these t o t a l s  were. taken t o  be 
S,, ,. i n  equation (6). Re la t i ve  spect ra l  responses were than ca lcu la ted  
w i t h  respect  t o  the  (l,0) band v i a  equation (610 S i m i l a r  measurements were 
made on 7 bands o f  t he  ( v '  = 2, v " )  progressfon and on 7 bands o f  t h e  
(v t  = 3, v " )  progressiono 
Tota l  i n t e n s i t y  measurements on bands o f  t h e  (4, v " ) ,  (5, v " ) ,  
and (6, v "  ) progression were compl i c a t e d  by extensive over lapp i  ng o f  bands, 
Therefore, we developed a method Per extrapolating the  t o t a l  count ing r a t e  
o f  a  band fvam measulgements made on a  selected po r t i on  o f  t ha t  band, 
The r a t i o  of the counts, Mv, v,,, i n  a  three channel passband centered on 
the peak histogram channel t o  the t o t a l  i n t ens i t y ,  Sv l  ",,, ~f a band 
was calculated f o r  the instrumental parameters used i n  these measurements, 
The volume m i s s i o n  rate,  @jt J , 1 9  o f  the (9' J " )  r o ta t i ona l  
l i n e s  o f  the fv' ,  v " )  band i s  given by 
where s:, i s  the l i n e  strength f ac to r  f o r  the ( J ' ,  J')  l i ne ,  
~ O T  i s  the ro ta t i ona l  temperature o f  the upper leve l ,  
Ej t i s  the ro ta t i ona l  energy o f  the upper leve l ,  
D42. DZ2 are v i b ra t i ona l  mat r ix  elements, 
C2¶ C4 a re  constants, 
Rv l  i s  the ro ta t i ona l  partition funct ion,  and the other quan t i t i es  
have been defined e a r l i e r  l n  t h i s  paper, 
For equal s l i t  wldths, the monochromator t r ans fe r  func t ion  i s  t r i angu la r  i n  
shape and i s  g iven by 
where A A  i s  the reso lu t ion  f o r  the s l i t  se t t ings and i s  the wavelength 
a t  the  center  o f  t h e  passband, The detected count ing r a t e  i s  g iven by 
The detected i n t e n s i t y  p r o f i l e  was ca l cu la ted  by vary ing  hc over the  ex ten t  
o f  t h e  band and normal iz ing S(hc) t o  1.0 a t  t h e  maximum. We used t h e  l i n e  
s t reng th  f a c t o r s  g iven by Shemansky7 and a r o t a t i o n a l  temperature o f  390°K 
t o  c a l c u l a t e  t h e  emission p r o f i l e  v i a  equat ion ( l o ) ,  A histogram o f  t h i s  
0 
t h e o r e t i c a l  emission p r o f i l e  was formed using a channel w id th  o f  0.25 A and 
assuming t h a t  t h e  r o t a t i o n a l  l i n e  o f  lowest  wave lewth  entered monochromator 
bandpass j u s t  as t h e  mu1 t i -channel  analyzer  addressed a new channel, A 
ca l cu la ted  histogram f o r  t h e  ( 9  ,l ) band i s  compared t o  an exper imental ly  
measured histogram i n  F igure  3. The r a t i o  M,, ,,,/SYl vll was ca lcu la ted.  
Taking a th ree  channel sum f o r  Mv, v,l helped t o  c o r r e c t  f o r  slewing o f  
t he  emission p r o f i l e  about the  peak channel, caused by uncer ta in ty  i n  t h e  
e n t r y  phase of photons stored i n  t h e  f i r s t  non-zero channel o f  an experiment- 
a1 l y  measured histogram, Figure 4 shows a comparison between t h e  theore t -  
i c a l l y  ca l cu la ted  and exper imental ly  measured r a t i o s  M,, ,./S, ,, f o r  
the  (2, v u )  progression, S- imi  l a r l y  good agreement was obtained f o r  bands 
of t he  (1, v " )  and (3, v " )  progressione T h e o r e t i c a l l y  ca l cu la ted  r a t i o s  
were then used t o  ex t rapo la te  t o t a l  band i n t e n s i t i e s  from measured values 
o f  M,, ,. f o r  3 bands of t he  (4, v " )  progression, 5 bands o f  t h e  (5, v " )  
progression, and 4 bands of the  (6, v " )  progression, Re la t i ve  quantum 
ef f i c iency  curves were determfned f o r  these p rog~ess ions  as descr ibed 
e a r l  i ere  
The data f o r  these s i x  v"  progressions were combined i n  order t o  
deternine the best r e l a t i v e  quantum e f f i c i ency  curve, A data se t  
b V t  V ~ s  av~Qvt  "II ) was defined and al was a r b i t r a r i l y  set  equal t o  
one. The values o f  a2 + a6 which gave a l eas t  squares f i t  o f  the data 
t o  a f o u r t h  order equation i n  A were determined using a computer. The 
0 
resu l  l i n g  ,spectra l  response curve was i den t i ca l  above 1300 A w i t h  the 
curve shown i n  Figure 5, which was derived from a combination o f  
molecular branching r a t i o  measurements and atomic m u l t i p l e t  branching 
r a t i o  measurements, 
I V  . ATOMIC NITROGEN MULTIPLETS 
The molecular branching r a t i o  r e s u l t s  were checked by making 
i n t e n s i t y  measurements on selected atomic n i t rogen ( M I )  m u l t i p l e t  p a i r s  
which branched from a common upper energy leve l  (see Table I). Absolute 
t r a n s i t i o n  p r o b a b i l i t i e s  f o r  the N I  m u l t i p l e t s  l i s t e d  i n  Table I have been 
measured by 1abuhn1 O and Lawrence and Savagell, These mu1 t i p 1  e t s  were 
produced i n  our c o l l i s i o n  chamber by e lec t ron impact d issoc ia t i ve  exc i t a t i on  
o f  N2 under the same experimental condi t ions used i n  producing the N2 
(LBH) band system. 
The t r ans i t i ons  l i s t e d  i n  Table I lead t o  metastable states o f  
the ground conf igurat ion o f  M I  and i t  i s  the metastable atom densi ty which 
w i  11 be responsible fo r  possib le absorption e f fec ts .  Theoretical l y  derived 
es t imated2  o f  the column densi ty o f  metastable atoms p red i c t  t h a t  absorption 
w i l l  be neg l i g i b l e  f o r  the experimental condi Lions described here (1 0 
m i l  l i t o r r  o f  N q ,  2 x 1 0-4 amperes o f  100 eV electrons, and a maximum column 
length o f  2.5 em). These pred ic t ions were v e r i f i e d  experimental l y  by observing 
GI Q e (I 
a constant 1493 A/1743 A cdunt ing r a t i o  and 131 1 A/1164 A counting 
r a t i o  f o r  N p  pressures up t o  a t  l e a s t  20 m i l  l i t o r r .  
The t o t a l  emission i n t e n s i t y  o f  these nu1 t i p l e t s  was obtained 
i n  a manner s i m i l a r  t o  t h a t  used i n  scanning t h e  N2(LBH) bands, and 
the  re1 a t i v e  spec t ra l  responses were determined v i a  equation (3), The 
r e l a t i v e  spect ra l  responses as determined from atomic branching r a t i o  
0 0 
measurements on the  1493A and 1743 A mu1 t i p l e t s  were i n  exce l l en t  
agreement w i t h  t h e  r e l a t i v e  spect ra l  responses as determined from measure- 
ments on the  N ~ ( L B H )  band system (Figure 5).  S i m i l a r  i n t e n s i t y  measure- 
ments were made on t h e  o ther  NI  m u l t i p l e t s  l i s t e d  i n  Table I and the  
r e l a t i v e  spect ra l  responses a t  those wavelengths were ca l cu la ted  using 
Labuhn's exper imental ly  determined t r a n s i t i o n  p r o b a b i l i t i e s  and equation 
(3). For the  e x c i t a t i o n  cond i t ions  described here, t h e  t o t a l  i n t e n s i t y  
o f  several NI  m u l t i p l e t s  had t o  be cor rec ted f o r  over lap  by a band o f  t h e  
N2(LBH) band system. This was done by summing t h e  t o t a l  i n t e n s i t y  o f  
band + mu1 t i p l e t  and then sub t rac t i ng  t h e  band i n t e n s i t y ,  which was 
r e l a t e d  t o  the  measured i n t e n s i t y  o f  a resolved band i n  the  same v" 
progression by t h e  expression 
The requ i red  c o r r e c t i o n  was - 4% f o r  t h e  t o t a l  i n t e n s i t y  o f  the  N I  1493 
m 1 ~ 1  t i p l e t  and - 20% f o r  t h e  M I  1412 mu1 t i p l e t .  
It shoul'd be noted t h a t  t he  upper l e v e l s  o f  M I  which g i ve  r i s e  
t o  the  m u l t i p l e t s  observed i n  t h i s  work have r a d i a t i v e  l i f e t i m e s  o f  l ess  
than l o w 8  seconds so t ha t  even i f  the dissociat2on fragments have 
- 1 eV o f  k i n e t i c  energy (corresponding t o  a v e l o c l l y  o f  3 - 5  x 105 
cm/sec), the l i m i t s  o f  the emi t t i ng  region correspond roughly t o  the 
e lec t ron beam l i m i t s  and hence the emi t t ing region may be considered 
t o  be a l i n e  source. Conversely, the l i f e t i m e  o f  a v ib ra t iona l  l eve l  
o f  the N2(a1n g: ) s ta te  $ i s  t y p i c a l l y  1.5 x seconds so t ha t  even 
thermal molecules ( -  4 x l o 4  cm/sec) form a d i f f u s e  source o f  LBH band 
rad ia t ion ,  The good agreement between the atomic m u l t i p l e t  data and LBH 
molecular band data i n  Figure 4 suggests t h a t  spa t ia l  e f fec ts  were 
unimportant i n  our experiment. 
The data set  (A,, ,,, av,Qvl ,. ) obtained by measurements on the 
N2(LBH) band system was augmented by data from the atomic branching r a t i o  
measurements and a, a8, ag were assigned t o  the data from the m u l t i p l e t  
pa i r s  i n  the order l i s t e d  i n  Table I. This n ine- fo ld  data se t  (6 LBH 
progressions and 3 atomic branching r a t i o  pa i r s )  was f i t t e d  t o  a f o u r t h  
order curve i n  wavelength and the resu l t s  are shown i n  Figure 5. The 
smooth curve i n  Figure 5 i s  the curve of best f j t  and the crosses and dots 
are renormal ized data derived from the emission i n t e n s i t y  measurements on 
the N2(LBH) bands and N I  atomic mu l t ip le ts ,  respect ively.  
V ,  RESULTS AND DISCUSSION 
Measurements o f  the i n t e n s i t i e s  o f  selected bands o f  the N2(LBH) 
s y s t m  have been used t o  c a l i b r a t e  the r e l a t i v e  spectral  response o f  a 
window-monochromator-photomul t i p 1  i e r  combination a t  32 wavelengths i n  the 
0 0 
spectral  range 1275 A - 1850 A, The r e l a t i v e  spectral response curve 
detemined i n  t h i s  way i s  i n  exce l lent  agrewent w i t h  r e l a t i v e  response 
values determined v i a  f ndependent measurements on mu1 t i  p l  e t s  o f  atomic 
(P 
n i t rogen,  I n t e n s i t y  measurments on the NI m u l t i p l e t  p a i r s  1412 A - 
e 0 o 
1243 A and 1311 A - 1164 A have been used t o  extend t h e  c a l i b r a t i o n  t o  
0 8 
lower wavelengths, The spect ra l  response curve from 1150 A - 1900 A 
was then determined v i a  a l e a s t  squares f i t  procedure and i s  shown i n  
F igure  5, 
0 0 
f he c a l i b r a t i o n  range can be extended from 1 1  50 A t o  2500 A by 
augmenting t h e  N*(LBH) measurenents w i t h  s imi  l a r  measuremnts on t h e  
CO Four th  P o s i t i v e  system (A1n - xlr+). When using the  CO Fourth 
P o s i t i v e  system, a c o r r e c t i o n  f o r  t he  v a r i a t i o n  o f  t h e  e l e c t r o n i c  t ran -  
s i t i o n  moment w i t h  r - cen t ro id  must be. included, s These r e l a t i v e  i n t e n s i t y  
measurements can be placed on an absolute basis by d i r e c t l y  comparing 
0 
t h e  band i n t e n s i t i e s  t o  t h e  br ightness o f  t h e  hydrogen Ly a l i n e  (1215.6A) 
0 
and t h e  O I  resonance t r i p l e t  (1302, 4, 6A) produced by t h e  d i s s o c i a t i v e  
exc i ta t i on13 ,14~15  o f  H2 and O2 respec t i ve l y  and t o  a standard lamp a t  
0 
wavelengths greater  than 1500 Aa6, I n  t h i s  way the  s e n s i t i v i t y  o f  a VUV 
monochromator can be determi ned over t h i s  wavelength range w i t h  an 
absolute accuracy o f  - + lo%, Th is  technique i s  p a r t i c u l a r l y  convenient 
because i t  on ly  requ i res  the  use o f  a comparat ively simple and inexpensive 
e l e c t r o n  gun t h a t  can e a s i l y  be incorporated i n  a more e laborate experiment. 
"( 
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Figure  1 
Figure 2 
F igure  3 
F igure  4 
Figure 5 
FIGURE CAPI IONS 
A s c h w a t i c  drawing o f  t he  experimental apparatus, 
A histogram o f  t h e  measured mf ssion p r o f i l e s  f o r  Sands 
o f  t h e  N2 Lyman-Birge-Hopfield system, v '  = 1. The wave- 
0 
l eng th  equ iva lent  channel w id th  i s  0.25 A. The band design- 
a t i o n  ( v '  , v " )  and the  bandhead wavelength a re  g iven above each 
band, 
A computed histogram o f  t h e  ( I , ] )  v i b r a t i o n a l  band o f  t h e  N2 
Lyman-Birge-Hopfield band system, f o r  t he  experimental system 
shown i n  F igure  1. The r o t a t i o n a l  temperature used was 39O6K, 
which was comparable t o  the  e q u i l i b r i u m  temperature o f  t h e  
c o l l i s i o n  chamber wa l ls ,  The crosses a r e  i n  exper imental ly  
measured histogram o f  t h e  (1 ,I ) band, The bandhead wavelength 
The percent o f  t h e  t o t a l  band i n t e n s i t y  inc luded i n  a th ree  
channel i n t e r v a l  centered on t h e  peak. The crosses a r e  
experimental values and the  dots a re  t h e o r e t i c a l l y  ca l cu la ted  values, 
The r e l a t i v e  spec t ra l  response o f  t h e  window-monochromator-detector 
combination. The crosses a r e  der ived from measurements on t h e  
N2 Lyman-Blrge-Hopfield System and t h e  dots a r e  der ived f rom 
measurements on mu1 t i p l e t s  o f  atom-ic n i t rogen.  The smooth curve 
represents t h e  l e a s t  squares f i t  t o  t h e  data, 
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